THE LEEDS SURVEY 1930-49
Estimates of the incidence at necropsy of peptic ulcer are open to criticism on many grounds: pathologically, because the standard of examination must vary from hospital to hospital and from pathologist to pathologist as the pathological types and sites of ulcer have not been clearly distinguished, and duodenal scars are either missed or not thought worthy of record. Frequently, statistical principles are ignored in that all lesions from varying age groups are expressed as a single percentage with no regard for the age distribution of the ulcers found or the necropsy population at risk. The necropsy population may not give a true impression of hospital deaths because a varying fraction of the hospital deaths in different surveys is pathologically examined. The hospital population itself must be highly selected, reflecting the population served by the hospital, and the specialized interests and skill of the hospital staff. The reader is referred to the excellent critical appraisals of necropsy statistics published in 1950 by Ivy, Grossman, and Bachrach and by Levij (1959) .
The many fallacies inherent in this type of analysis have discouraged pathologists from investigating further the incidence of ulcer; indeed a leading article published in the Lancet suggested that "the time and money spent on this type of examination could well be utilized in more profitable pastimes". However, there exists in many quarters a demand for estimates of ulcer frequency, and with notable exceptions incidence rates based on mortality statistics, clinical studies, food rationing figures, and social and industrial surveys limited by inadequate diagnostic methods are subject to as many limitations as are necropsy data. Necropsy statistics can be likened to corsets as undesirable, uncomfortable, frequently giving a fallacious impression of truth yet in special selected circumstances forming a basis for deduction, and at all times much sought after.
The data, presented in this paper with full awareness of their inadequacies, are produced because information has been collected from two sources, both unique, which to some extent reduce the defects in this type of investigation. They comprise first, the findings of one internationally acknowledged expert on ulcer incidence in one town, and, secondly, the findings of many pathologists in nine towns in England and Scotland in a forwardplanned, concurrent investigation where particular care was taken to describe all ulcer lesions at hospital necropsies performed in 1956.
Over a 20-year period, between 1930 and 1949, necropsies performed in the Pathology Department of the University of Leeds have been analysed retrospectively by one observer. They were all performed under the close personal supervision of 14 INCIDENCE OF CHRONIC PEPTIC ULCER the late Professor Matthew Stewart, whose contributions to the pathological study of peptic ulcer are well known. Stewart personally examined a large proportion of stomachs removed at necropsy, meticulously describing the ulcer lesions found, and inspiring in his staff a vigorous interest in the ulcer. The high standard of correlated clinical and pathological reports maintained in the department, the minute descriptions of the ulcers, particularly of ulcer scars, make this material almost unique for this type of survey. In Leeds a large proportion of the bodies of patients dying in hospital are examined at necropsy, 88% being examined in the 20-year period surveyed. The records will therefore indicate the pattern of hospital deaths during that time.
Secondly, a forward-planned, concurrent investigation of the incidence of ulcers at 11 teaching and seven non-teaching hospitals in London, Oxford, Bristol, Birmingham, Manchester, Leeds, York, Newcastle, and Glasgow was undertaken in 1956, so that it has been possible to estimate the national and regional frequency of ulcer. The data collected in both surveys formed the basis of a report to the conference on the geographical pathology of peptic ulcer held in Paris in 1957.
METHOD OF RECORDING AND ANALYSIS
The data were recorded on a proforma, listing age, sex. positive pathological findings, and the presence or absence of peptic ulcer. Deaths caused by ulcers and ulcers found incidentally were first distinguished, and the pathological type of ulcer specified as a chronic active ulcer, a chronic inactive ulcer or scar, an acute, or a subacute ulcer; acute erosions were excluded and chronic ulcer lesions were preferentially recorded in viscera in which several lesions were present. The site was indicated as gastric, duodenal, combined gastric and duodenal, stomal and oesophageal, and, finally, complications associated with the ulcer such as haemorrhage, perforation, cicatricial deformity, malignant change, and deaths following gastric surgery were enumerated.
Where a previous gastrectomy was discovered to have been performed an attempt was made to trace from the clinical records the site and type of ulcer for which the operation had been undertaken, but was not always possible, in which case the examination was included as a chronic ulcer unrelated to death.
In both surveys examinations which were incomplete or inconclusive were excluded, and cases of gastric carcinoma were omitted as the lesion frequently prevented adequate examination of the stomach and duodenum. The information recorded on a proforma was then transferred to a PowersSamas punch card, double checked by independent operators and machine sorted.
Ulcer incidence was calculated as chronic active, chronic inactive, and combined inactive and active lesions, unrelated to and related to death, as a percentage incidence of the total necropsy population at risk in each age group. Adding these two groups gives the total incidence of chronic ulcer lesions in the survey. Seven age groups are included as follows: 0-24 years, 25-34 years, 35-44 years, 45-54 years, 55-64 years, 65-74 years, and over 75 years. The overall incidence of ulcer is reluctantly given for comparison with other surveys. It should be stressed, however, that this figure is almost valueless, depending as it does on the age distribution of the necropsy population at risk.
Probably The relative overall frequency of the lesions is ulcer in two populations is being compared. The compared in Table HI . In this and in all succeeding percentage age distribution of the two populations tables, the ulcer incidence in the national survey has studied is shown in Table I. been corrected for variation in age distribution in (Watkinson, 1958) suggesting an increased regional incidence in northern as compared with southern cities but this cannot wholly explain the differences. The difference must rest in the high standard of examination and the almost fanatical care with which duodenal scars were sought out and reported under Professor Stewart's direction in the Pathology Department of the University of Leeds. Therefore this series should give the most accurate appraisal of incidence.
The differences observed in active ulcers are less easily explained. The total occurrence in men of active ulcers is increased to a highly significant degree (6-1 % to 9.9 %), mainly contributed to by increases in duodenal and combined lesions. In women, however, there is no significant change in total (2-9% to 3.4 %) or in duodenal ulcers (l.1 % to 1 5%), combined lesions, however, showing a sixfold increase. The prevalence of active gastric ulcer in both men (2-4% and 2.2 %) and in women (1 3 % and 1.5%) agrees closely in the two series. Had observer error been wholly to blame one would not have expected to have found a significantly increased incidence of active duodenal ulcers in men and not in women, nor a significant increase in gastric scars in women and not in men, and these may well represent true regional variations.
The wide discrepancies in the occurrence of ulcers in two surveys done under optimal conditions emphasize that comparison with other necropsy studies would be valueless, and for this reason a factual statement on ulcer incidence in the circumstances in which each survey was done will be made and only passing reference to its incidence in other surveys will be attempted. The differences which have emerged show that even though special care is taken to identify and report ulcer lesions, the standard of examination cannot match up to that of an enthusiast in his field. It may be that the incidence in Stewart's hands was too high and that the true frequency lies somewhere between the two groups of data presented.
INCIDENCE OF CHRONIC PEPTIC ULCER IN THE LEEDS SURVEY 1930-49*
The incidence of the various types of peptic ulcer causing and unrelated to death in the Leeds survey is shown in Figs. 2-6. ALL PEPTIC ULCERS.-The occurrence of all peptic ulcer lesions found incidentally and causing death in men and in women is illustrated in Fig. 2 .
The 1,415 ulcer lesions described in men were demonstrated in 184% of necropsy examinations, being active ulcers and scars in almost similar proportions, 9 9 % and 8.5 % respectively. These ulcers had caused 6.8 % of the necropsy deaths and were found by chance in 11.5 % of the examinations performed, scars being found incidentally twice as commonly as were active ulcers, 80O% to 3-5%.
Ulcers caused most deaths in men between the ages of 45 and 54 years, and accounted for 13 % of the necropsy deaths in that age group. The frequency declined in preceding and succeeding decades to 0.6% below 25 years and 2.7 % above 75 years, and remained between 6.3 % and 10.9% in the remaining age groups.
Ulcers were found by chance most commonly between the ages of 45 and 54 years, where approximately one in six men showed ulcer lesions. Ulcers occurred with almost uniform frequency in all age groups after 35 
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13.0% and 16.6%. Active and inactive lesions followed similar distributions, active ulcers being demonstrated fortuitously in approximately one in 20 men above the age of 45 years. The varying age distribution of the ulcer deaths and ulcers found incidentally must represent selection in the type of case admitted to hospital rather than any lessening of ulcer mortality with age.
The perhaps unwise combination of ulcers causing and unrelated to deaths serves only to emphasize the frequency of peptic ulcer in middle-aged men where between one in three (29.2%) and one in four (24.1 %) showed ulcer lesions.
When ulcer deaths are excluded from consideration ulcers were found incidentally in approximately one in seven men (14.2%) dying in hospital in Leeds from causes other than ulcer, one in 25 (4.3 %) having an active ulcer at death. The age distribution of the ulcers found incidentally in men and women is shown in Fig. 3 . Ulcers are found by chance in one in every five or six middle-aged or elderly men dying in hospital in Leeds exclusive of ulcer deaths (15 5% to 23 0%), approximately one in every 17 having active ulcers (4 1 % to 7-1 %).
The 433 ( Fig. 2 ) occurred with only half the overall frequency of those in men, namely in 9.5 % of post-mortem examinations, 91 accounted for 2.6 % of the necropsy deaths, while 342 were found incidentally in 6.9 % of the examinations. Ulcer scars were found twice as frequently as were active ulcers (6'2 % to 3.4 %). Fig. 2 , which illustrates the age distribution of the ulcers in women, demonstrates, the tendency, particularly for ulcer deaths and incidental active ulcers, to increase in frequency with advancing age. Ulcer scars found by chance doubled in frequency, from 3.3 % to 7.4 %, between the ages of 35 and 45 years. Ulcers caused most deaths (3.7 %), and were found most commonly fortuitously between the ages of 65 and 74 years when approximately one in eight women were affected. The best estimate of ulcer frequency in the general population after ulcer deaths had been excluded would suggest that approximately one in 10 women between the ages of 35 and 44 years had suffered from peptic ulcer, one in 50 having active ulcers. This figure increased in elderly women to one in seven, of whom half had active lesions (Fig. 3 ). times more ulcer deaths in men than in women, a ratio of 2.63 to 1. Ulcer deaths occurred between six and eight times more commonly in young and middle-aged men than in women of the same age groups. Ulcer deaths increased sufficiently in frequency in elderly women so as to eliminate the sex difference by the age of 65 years. Ulcer scars were found by chance oneo and a half times more often in men as compared with women, while incidental active ulcers were discovered twice as often. Again the male preponderance is most marked in the young and middle-aged, and lessened above the age of 65 where ulcer lesions were found with almost similar frequency.
CHRONIC DUODENAL ULCER.-The overall and age distribution of the 897 chronic duodenal ulcer lesions found in men and the 232 ulcers in women is shown in Fig. 4 . In men chronic duodenal ulcer lesions were found in one in nine (11.6%) of the necropsies performed, caused one in 25 (3.8 %) of the necropsy deaths, and were found incidentally in one in 12 necropsies (7.8%). Three times as many ulcer scars were found by chance as were active ulcers, relative frequencies being 5 8% to 2.0%, a similar ratio being maintained when ulcer deaths had been excluded, namely 7.2 % to 2.4 %. The 640 ulcer lesions, found incidentally after the exclusion of ulcer deaths, suggested that slightly more than one in 10 men (9.6 %) in the hospital population studied had suffered from chronic duodenal ulcer.
Duodenal ulcers caused approximately one in 16 of the hospital deaths in men between the ages of 35 and 64 years with almost similar frequency in each of the decades included. Deaths due to this cause were less common in the young, 0 5% and 4.0%, and in the elderly, 2.4 % and 1 1 %.
Ulcers found by chance in men followed a distinctive age distribution, rapidly reaching a frequency of approximately one in 10 necropsies by the (Fig. 4) (Fig. 4) little reliance can be placed on the small number of deaths due to ulcer in women save that they occurred more commonly after the menopause. Of the 195 ulcers found by chance, a tendency for active ulcers to become more common with advancing age was demonstrated, ulcer lesions increasing from 0-3 % at 25 to 1-9 % over the age of 75 years. Ulcer scars, as in men, reached a peak frequency at the age of 35 years where approximately one in 16 showed lesions, the incidence being of a similar order subsequently at 3.1 % to 5-3 %. When the few ulcer deaths had been excluded (Fig. 3) (Fig. 3) .
Comparison of ulcer recurrence in men and in women showed, for the first time, a less well-marked male predominance, the total lesions causing death and found incidentally being only slightly more common in men, in the ratio of 1 73 (09) 174 (23) 41 ( (Fig. 6 ). The types of pathological lesion found in the two sites are summarized in Table IV. Ulcer deaths due to combined ulcer were most common in men between the ages of 35 and 65 years and accounted for 1.5 % of the necropsy deaths, while all 12 deaths occurred in postmenopausal women. Deaths in men were most often due to active lesions in both sites (0.4%) or to a chronic gastric ulcer with a duodenal scar (0.4%).
Ulcers found incidentally in men occurred most often between 45 and 74 years, when approximately one in 50 were affected and in the same age groups in women when the incidence had halved at 1 1 % to 1[4 %. Between 2.2 % and 2.8 % of middle-aged and elderly men dying in hospital, exclusive of ulcer, and between 1-2% and 17% of women in the same age group showed combined lesions. Scars in both sites were found incidentally as the most common pathological lesion in men and in women, the rate being 0.8 % and 0 5 % respectively. An active gastric ulcer with a duodenal scar occurred next most commonly (0-3 % in men and 0.2 % in women).
Active ulcers in both sites were incidentally found with similar frequency in men (0.2%) but more rarely in women (0.06%), while the last possible combination of an active duodenal ulcer with a gastric scar appeared unique to men, causing 0.1 % of deaths and being found incidentally in 0.05 %.
Four times as many ulcer deaths occurred in men as in women, while incidental active ulcers and ulcer scars occurred most commonly in men at ratios of 1[7 and 15 :1, respectively. Male incidental ulcers occurred twice as commonly in the fourth and fifth decades and only in elderly women were combined lesions more common, the rates being 0-7 :1. CHRONIC STOMAL ULCER.-Thirty-five chronic stomal ulcers were found in men (0.35 %) and had caused death in 31 (0.3%) and two were demon--strated in women (0.4 /%). The overall and age distribution of the ulcers found is shown in Fig. 6 strated twice as commonly as were ulcer scars, 7-2% to 4X3%. Ulcers had caused 185 necropsy deaths (4.5%), and had been found by chance in 333 necropsies (8X0 %). When ulcer deaths had been excluded (Fig. 8) this survey would estimate that one in 12 men (8X3 %) had at some time in their lives had a peptic ulcer, slightly more than half having healed ulcers at death, in that ulcer scars were found in 4-6 % and active ulcers in 3-7 % respectively.
When the age distribution of the ulcer deaths is considered, a differing pattern to the Leeds series was obtained; ulcer deaths in men reached a frequency of 4.3% by the age of 35 years, becoming more common with advancing age to 5.7 % between 55 and 75 and 6.4 % over 75 years, a pattern of ulcer deaths which conformed more to clinical experience than did the Leeds series. Ulcers were found incidentally most commonly in middle age when one in nine men showed ulcer lesions, one in 16 having scars at death. The figure only increased slightly to 10-5 % to 120% when ulcer deaths have been excluded, more scars, 5.9 % to 7.3 %, being found than active ulcers, 4.0 % to4-7 % (Figs. 7 and 8) .
One hundred and eighty-four ulcer lesions were found in 6.3 % of the 2,936 necropsies performed in women before the menopause make sex comparisons before this age unwise, but sex difference over 45 years become less apparent with advancing age, the male predominance reducing in successive decades to 3.9, 2.4, 1.9, and 1 3: 1, respectively. CHRONIC DUODENAL ULCER.-The frequency and age distribution of the chronic duodenal ulcer lesions found is illustrated in Fig. 9 . In men, 263 ulcer lesions were found in 6.3 % of the necropsy examinations conducted, of which 3.9 % were active and 2.4 % were ulcer scars. Ninety-eight duodenal ulcers had caused 2.4 % of the necropsy deaths, while 165 were found incidentally in 4% of the examinations, being active ulcers or ulcer scars in almost similar proportions, 1.7% and 2.2 %. The incidental finding of ulcer after ulcer deaths had been excluded would estimate duodenal ulcer frequency as one in 22 (4.5 %) men, of whom one in 50 had active ulcers at death. The middle-aged and elderly where ulcers caused 3.1 % of all deaths. Ulcers, found by chance, occurred most commonly in middle-aged men of whom one in 19 had ulcers, the rate remaining at rather less than this frequency with advancing age. Active duodenal ulcers reached a frequency of one in 50 necropsies by 35 years and remained around this level in all succeeding decades. When ulcer deaths had been excluded, ulcer frequency in the fourth and subsequent decades approximated to one in 16 necropsies (5^6% and 6.2%) (Fig. 9) . The relatively small numbers of duodenal ulcers demonstrated in women will allow only limited conclusions. Sixty-nine ulcers were found in 2.3% of necropsies, active and inactive lesions being in similar proportions, 1-3% and 11 %. Thirty-two duodenal ulcers had cause 11 % of the necropsy deaths, while 37 (13 %) had been found incidentally, the majority (0.9 %) of which were healed. Again an increase in both fortuitous and lethal ulcers is demonstrated in postmenopausal women, when between one in 50 and one in 60 women show fortuitous lesions after ulcer deaths are excluded. An overall male predominance is again shown, both in ulcers causing death, 2.2: 1, and ulcers found incidentally, 3.2: 1, in the overall series, and in most age groups over 45 years.
CHRONIC GASTRIC ULCER.-The frequency and age distribution of the 175 gastric ulcer lesions found in men and the 79 demonstrated in women is shown in Fig. 10 .
Gastric ulcers were the cause of death in 1.7 % of male and 1-1 % of female necropsies, being found incidentally in 2.5 % and 16 % of examinations respectively. As many ulcer scars as active ulcers were found in both sexes. Neglecting ulcer deaths, approximately one in 34 men (2.9 %) and one in 59 women (17 %) had developed gastric ulcers, half of which had healed before death in each instance.
Gastric ulcers became progressively more common with advancing age in women and were rarely observed in premenopausal women. Ulcer deaths doubled in frequency after the menopause, from 0.9 % in the fifth decade to 2.2 % in elderly women. Incidental ulcers more than trebled in frequency between the same two age groups, from 0-8 % to 3.1%. Between one in 30 and one in 50 (1 8%- RELATIVE FREQUENCIES OF DUODENAL AND GASTRIC ULCERS.-As in the Leeds series, in men duodenal ulcers were found incidentally approximately twice as commonly as gastric ulcers, 1.9: 1, and caused one and a half times more deaths, 1-6: 1, this ratio holding good for most age groups over middle age. In women, although duodenal lesions were more common in middle age, causing three times more deaths and being found incidentally 1-7 times as frequently, the ratio fell in the elderly when more deaths are due to gastric ulcer, 07 :1, and more were found incidentally, 0.4: 1. When all ulcers were considered together regardless of age distribution, as many ulcer deaths resulted from gastric as from duodenal ulcer, while more gastric than duodenal lesions were found incidentally, 0-8: 1.
COMBINED GASTRC AND DUODENAL ULCER. Seventeen combined gastric and duodenal ulcers were found in men in 0.3 % of necropsies performed and six were found in women in 0.2%. These ulcers had caused five deaths in men (01 %) and three in women (0 1 %), and were found incidentally in 0.2% of male and in 0 1 % of female necropsies. In both sexes no lesions were observed incidentally before 45 years or caused death before 55 years. The significant reduction from the Leeds series has already been commented upon, resulting from a paucity of duodenal ulcer scars (Table IV) (Falconer, 1943) (Fig. 8) . Ulcers occurred most commonly in subjects over 45 years of age, when approximately one in 10 men (82 % to 12.0%) had ulcer lesions, of which half were active at death (4.0 % to 4.7 %). Elderly and middle-aged men in this survey showed duodenal ulcers in approximately one in 18 necropsies (5.6% to 6.2%) and gastric ulcers in about one in 30 necropsies (2.6 % to 52 %), while combined gastric and duodenal ulcers were only rarely encountered (0 5 % to 1.0 %). An overall predominance of duodenal ulcers compared with gastric is most marked in the young and least marked in the elderly, a fact which could be demonstrated in both surveys, duiodenal ulcers being found three to five times more often in men in the Leeds survey and one and a half to two times more often in the national figures. These figures come near to the clinically observed predominance of duodenal ulcer and contrast with many previous necropsy series, where the complications more frequently attendant on gastric ulcers make them more commonly observed in hospital populations.
In women in both surveys, sharp increases in ulcer frequency occurred in pre-and post-menopausal women, increasing in successive decades from 4.5% to 9.7% in Leeds and 0.6% to 3.0% in the national figures. The overall frequency in middle-aged and elderly women was estimated at approximately one in eight women (10 1 % to 14.7 %) in Leeds and at the much lower frequency of one in 25 women (3.0 % to 5.9 %) in the national figures. While in Leeds duodenal lesions predominated in every age group, ratios of between l.1 1 and 2'8 :1 being observed in the national figures, gastric ulcers were more often e'ncountered in the elderly, ratios reducing from 1.7 :1 to 0.5: 1 when duodenal and gastric lesions were compared. Duodenal ulcer frequency was estimated in middle-aged and elderly women at about one in 13 (5.0% to 8.2%) in Leeds and one in 55 (1 5% to 2.0%) in the national figures. Gastric ulcer frequencies, too, show striking discrepancies at one in 21 (4.3 % to 4.8 %) in Leeds and approximately one in 60 (0 9 % and 3.4 %) for the national figures. Combined gastric and duodenal ulcer lesions were observed in between one in 50 and one in 80 necropsies (1-2 % to 2.2 %) in the Leeds necropsies in postmenopausal women but were hardly ever observed in the national series (0.2%). An overall male predominance of ulcer lesions emerged in both surveys, approximately 2: 1 for total and duodenal ulcers and approximately 1-3 :1 for gastric ulcers, differences again being most marked in the young and middle-aged and least apparent in the elderly in whom gastric ulcers were more commonly observed in women.
The vast amount of accumulated data has been presented as briefly as is possible. True ulcer frequencies may well lie at levels somewhere between the estimated frequency of the two surveys, but it is felt that the particular care taken by Professor Stewart and his staff in Leeds to describe and report ulcer lesions make it likely that these figures approximate more nearly to the true ulcer frequency in the population as a whole.
My thanks are due first to the late Professor Matthew Stewart for placing his departmental and personal records at my disposal and his encouragement to undertake the investigation; secondly, to the pathologists enumerated below for submitting their records for analysis in the 1956 survey; thirdly, to Mr. Jack Teale and members of the Records Department of the Leeds General Infirmary who undertook the mammoth task of punching and sorting the record cards in both surveys; fourthly, to Professor R. E. Tunbridge, who extended facilities of the Department of Medicine in Leeds for the study. Mr. Harry Revell gave invaluable help in the analysis and calculation of the data and preparation of the figures, and Miss A. Padgett undertook the exacting typing of this report.
